Beetles Protaetia brevitarsis seulensis Kolbe (Coleoptera: Cetoniidae) and Allomyrina dichotoma Linn. (Coleoptera: Scarabaeidae) are widely used in traditional medicine, and the number of insect-rearing farms is increasing in South Korea. The purpose of this study was to establish a multiplex PCR-based assay for rapid simultaneous detection of multiple pathogens causing insect diseases. Six insect parasites such as fungi Beauveria bassiana (Bals.-Criv.) Vuill. (Hypocreales: Cordycipitaceae) and Metarhizium anisopliae (Metschn.) Sorokin (Hypocreales: Clavicipitaceae), bacteria Bacillus thuringiensis Berliner (Bacillales: Bacillaceae), Pseudomonas aeruginosa Migula (Pseudomonadales: Pseudomonadaceae), and Serratia marcescens Bizio (Enterobacteriales: Enterobacteriaceae), and Oryctes rhinoceros nudivirus were chosen based on the severity and incidence rate of insect diseases in South Korea. Pathogen-specific primers were designed and successfully applied for simultaneous detection of multiple infectious agents in farm-bred insects P. b. seulensis and A. dichotoma using multiplex PCR and high resolution capillary electrophoresis. Our results indicate that multiplex PCR is an effective and time-saving method for simultaneous detection of multiple infections in insects, and the QIAxcel capillary electrophoresis system is useful for quantitative evaluation of the individual impact of each infectious agent on the severity of insect disease. The approach designed in this study can be utilized for rapid and accurate diagnostics of infection in insect farms. 
Introduction
Following a global trend of using natural products from insects, the Korean government has been encouraging the development of insect resources for environmental and dietary purposes, traditional medicine, and as pets (Kim et al., 2013; Lee Int. J. Indust. Entomol. Vol. 30, No. (1), pp. 64-74 (2015) Pseudomonas aeruginosa is reported as a virulent bacterial pathogen not only for insects but also for mammals (Jander et al., 2000) , where it causes infection of the respiratory tract, especially in cystic fibrosis patients (Spiker et al., 2004) . Similar to Pseudomonas aeruginosa, Serratia marcescens is known as an opportunistic bacterium (El-Aasar et al., 2013) ; it is also used to control apple maggot fly population and as a source of insecticidal agents such as toxin luxA (Hejazi and Falkiner, 1997; Lauzon et al., 2003) . Oryctes rhinoceros virus Rhabdionvirus oryctes Hüger was first discovered in oil palms in Malaysia 40 years ago and is currently used for the control of rhinoceros beetle population in Malaysia (Huger, 2005; Ramle et al., 2005) .
We have identified this virus in an A. dichotoma-breeding farm in 2014 in Korea (Lee, 2015) .
Extensive large-scale insect breeding has resulted in frequent occurrence of insect infection due to multiple pathogens. Here, we developed a multiplex PCR-based approach that allowed simultaneous detection of six insect pathogens using specific primer sets. Multiplex PCR-based methods have been previously applied for the detection of mixed infections in humans (Aguilera-Arreola et al., 2014; Ishaq and Wright, 2014) . Thus, it has been recently shown that in humans, multiplex PCR can be effectively used for the detection of bacteria and fungi in blood (Gosiewski et al., 2014) , influenza and parainfluenza viruses in the respiratory tract, and neurological viruses such as herpes simplex virus, cytomegalovirus, and Epstein-Barr virus (Kalvatchev et al., 2004) . Multiplex PCR has been applied to detect food-associated bacterial pathogens that can infect the gastrointestinal tract, including Clostridium perfringens, Escherichia coli, Salmonella enterica, and Staphylococcus aureus (Gosiewski et al., 2014; Khare et al., 2014; Settanni and Corsetti, 2007) , and thus, can represent an effective diagnostic method to be used for the prevention of foodborne infection spreading. The method has also been successfully applied to rapid simultaneous identification of pig viruses commonly occurring in pig farms (Haines et al., 2013; Liu et al., 2013; Monavari et al., 2014; Zeng et al., 2014) . Furthermore, multiplex PCR has been used to detect infection in invertebrate species such as bee viral diseases (McNeil, 2012; Sguazza et al., 2013a) . (Coleoptera: Scarabaeidae) are extensively farmed in Korea (Aronson et al., 1986; Choi et al., 2003; Jander et al., 2000; Lee et al., 1997) . Several reports indicate that these beetles can be used as functional food because of their antioxidant (Suh and Kang, 2012; Suh et al., 2010) , anti-hepatofibrotic, anti-cancer, and anti-diabetic properties (Koyama et al., 2006; Miyanoshita et al., 1996; Taketa et al., 1986; Yamada et al., 2004; Yeo et al., 2013; Yoo et al., 2007; Yoon et al., 2003; Youn et al., 2012) , and in Korea, P. b. seulensis and A. dichotoma are grown in farms. The industrialization of insect breeding requires constant monitoring, identification, and prevention of insect diseases caused by various parasitic agents (Papp et al., 2014) .
In this study, the incidence of insect diseases and causative pathogens in insect farms was surveyed. In general, insect as an effective mycoinsecticide to protect against insect pests (Meyling and Eilenberg, 2007) . Metarhizium anisopliae is also known as an entomopathogenic fungus and is applied to control insect pests; Metarhizium anisopliae-extracted toxin, destruxin, is lethal to insects (Sharif, 2010; Smagghe et al., 2013) . Bacillus thuringiensis is a widely represented entomopathogenic bacterium that produce crystal (Cry) toxins 1, 2, 4, 10, and 11 and is used as the first choice effective biological control against many kinds of insects from the orders Coleoptera, Lepidoptera, and Diptera (Ben-Dov, 2014; Bergamasco et al., 2013) .
